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C # It IS * <n ie SI 3 

i . m » w tc m & l s jt«±»#iTBirfcs. a » tr -y h , # - -t /ne is * ^ 
t , is IE n m co >y % < t i i o <o ^ * 9 ^ > h a & , is^ssigsirtcoafsccoift 

tafficod*>colot;:I£5£LT. Hi # - -fe ;HE tt * ^ £ It » b" -y h S (mu 1 1 i b i t 
storage) Z tt 5- 2> mil b . ( 3 ) ISIBItWScDklMcOffiffiffil-M^O^ 
. IS 7 9 * > h SB . IS ft H 1*1 <r> ffi « co jft St ffl tc IS £ $ ft ft £ m ~h b £ ft 
®bi-Z>Vfl£ftncr>UmttWb . 

IS IB 1S W ^ 35 IE SI l*I CO )g K $ ft fc J£ fit ffi R 56 -f & ft tf> iz IS « $1 A ft 
f *ffi»t4. p B 1PH£:fc^TKB£*ift-*tcor?y?? ht2rmfiH-ri>fi IB IB tt 

z z tz a u x & ^ #>. is £ & ^ t & s $ ft fc m IB ^ >- ? 9 v <r> & « # s . is is 

£ £ *i V* "C . |^«LTti«$*^frlB3llK3>'^^b*co^^<fct J lo*i 
. T i . V, C r „ Z r . N b . Mo, H f _ T a . WRX/^rtlib,COM-^^li>t 

< & £ h % & M £ Ki MIR Z ti & 1 m i> L < li Z ix a ± co jtm £ , B . c . N 
. O . a l , Si. p. s Rif Z ti t> cdMSVi) i> L<lZ-£&frt>mtRZir & 2 m 
L L < tt -f- ti VX 

±co7tmtm^^hitX^ts, m IB m - -fe 'HE 11 * . 

2. RftL-CHllStfcllEJIIav^? Mtf. Tit. c . N . A 1 , s 
i Sl^^ii^wjg^ftt. L< *>4>£i>S¥i 0 iM tK £ ft & 28t L < ii ^ ft 
U ± 7C » fc li^coiEBI 1 IB tfc co IB «f . 

3. ^«LT*t«$-li-^MIE»^3>-^^h»*i, Ti. C R X/ N £ # tf , IS 

3<cO®H2tC|EIKcolB1tS^o 

T* . f nfil 05:1*160%, R*5^rva 5 0%, Si 1 0^UL6 0%t 
$4t5 , It^tOJSH 3 t IB » <0 IB 1f * ^ . 
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1 1. P^brJt^^^:fefuf2«fll^^^^ T i Jfct*W*r*tN l»* 

co«£@l 1 0 t^Eit^iatS*^ 

1 3. wiUi&mmm^^*? hm^m^K mio o a&v^4 o ooa^ 

1 4 . Hul53Sfil*^^ ^ bJlCDff^J, 1)2 0 0 AftV^ L2 0 0 0 At?* 
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16. tm? 4 ? * * bmm&mK rmzm^rmmztitzmm*^*? 

h (D — jj t HHfefrflt <D mJfEfSfit UW- 1 co HQ fci£Sf $ *ft^>r*0|»jHW^fe 

17. UWB^-f 9^^MB««i^«s8S, 10A4^L10 0A©»*©*ft^ 

2 0. Sfffa^^^y ^h»WJ«l^«*s, fC^-ir >• h T% ^3 0-4 0%^ 
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2MHfc:l 9 9 5^3^19 0 WJH^^BmJIiO 8/4 2 3, 4 8 4^0— ffifB 
#rc£><9, rco^HtiJJPO 8/4 2 3, 4 84Wl9 9 1*lU7 0ffll© 
pfcHttJIiO 7/7 8 9, 2 3 4f, ^S^ItffS, 414, 2 7 1 ^-ffl 

mmx*hv, ^(D^mmmo 7/7 8 9, 234^1991^9^300^1 

CO«iI0 7/7 6 8, 1 3 9#. mftcO*H#fF5, 3 3 5, 2 1 9f 
S&iBBS&t* 1 991^8^19 Bmfg£>3fc|SmiS0 7/747, 0 5 3^ ^ft 
C0*H^W=5, 2 9 6, 7 1 6#0— SP«H*-Cfc»?, r jft,b<E>#BttlJKO 7/ 7 
6 8, 1 3 9W*iffll0 7/7 4 7, 0 5 3*fi#^ 1 9 9 l^U 1 8 
BUH«3KB0iJHO 7/6 4 2, 9 8 4^-, mffi^3feS#rF5, 1 6 6, 7 5 8 



(6) 



Plf^ (memory elements)" "f&Jffll^^- (control elements)" ttlPIJMf £ UC 

*r«*»lE*«JftlC*ttffli-*-«W*«jfttt, 1 9 6 6^9 

Jl 6 B^tr^O v s h i n s k y ^H^f^ 3 , 2 7 1, 5 9 1 -*§-&T^ 1 9 7 0 
¥9 J! 2 2 B3S?T0>O v s h i n s k y <D3fcH#f*F3, 5 3 0, 4 4 1 *tCH^ 

(HTT?f4 "O v s h i n s k y4#^F" £ PfrS) . 
rtLb^O v s h i n s k y WfFKM^StlS X 5 w0}<fc 5 ftttJEftWH" 

£>6 0 rftfcti, Ovshinskym 

ray scale)" fc^C6*J|W*"C*) 5#S w t SrRW LTV^S. Ov shins 
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S5ffi"C, KiStf), ^^t^y^RAM (DRAM) SRd*T«^i-«»»tt 
R AM#- b^*— ^trBtatf©fcKi"SWPMHiJ:oT-v>f * P^P-fey*©aiUt* 
»M^^T^^RAM (SRAM) ^«^mbAtt-rSri$X.fT^tlSo 

O v s h i n s k y#fFfcRW*^Sm*«J»ctH*-Br 
^^77^^, DRAM, SRAMXtfy^r?/ h77j/^a^ ; t!J©J;54a 

Sft«Jfc««^ (i i i) (flrfc 
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S:WSO^ff*Jt«Wi*V^^*/^^--A*"C*?5o Ov s h i n s k y#l^(- 
-To 

ft "^IMIHltv'^^^ (universal memory system) " £rflJ£ii"t~<5 r. £ & R^tC 
T\ * 4 ^I^oiRjgT'&^So **^Ov s h i n s k yiffiXfttft 
^fE^ (10^(10 trillion)*^ ^^fi) fc^bft^b, ^^7^^ 

l*IB"e6=HfK±©*i«tt (3 0ty8*» Sr«#U ^offif«7 p n^7^ 
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^^^IW^i*3*-Cfet), loirs' UttJ^y-fey b^*^— i&sjlKttfcifiv^ 

fcL,<W:2o©H*JR*^^n3iu^ hp^>^^if (1*3, 3ot 
EEPROM©J;5^S "^F#»tt" ia«*m*. ftSW^tt. :7n— ^-f^ 

^-fiWh7^^gEtfc§ 9 mis, w^p^7A"srtBtt^*jis 
sn, #K«trs> ^^^6fc^m^*^^^^^^'> ^ -^^-^-^^^M 
5o r©«w»i*iB©aai:*«cjiaL»sfc8e>, amr***©***** 

n e> ©tt©»«*>iMBBt waftifi »-t?5t it An & nr v ^ . 

DRAMMSRAM, »*ttEtt^1f, R^n^ 
■^-r^'y— b*»<0£5ftft© "7 7 (flash)" S8«t»H8»^, 

*«ftK«»IBttBfill"C*> 5 , »§t*^=iy^ KWW^^y 5 *#(monolithi 

(real estate)" *niC± 19 *Jtfti£iK*£tf>fE«^ S> 7tm 

^37Mi ASlWfciHu «*^^^^«#fc*it«fBlt**otr^ hSO© 
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*l <£» HffsKimBttaEB tt > B^fM^ IB«{4® T * * ;* i~ S fc ©*jE tt^- * 

■So 

5E¥R!»SJxfclB*ai««:A*-*ftW'^y ^-&JR (MSM) m^WIEft 
^-f y "f'X'fo&o R o s eb, "Amo rphous Silicon Ana 
logue Memory Devices", Journal of Non 
-Crystalline Solids , 115 (1989), pp. 168 
— 7 0 ^tt^ J a j t o b , "Quantized Electron Tran 
sport in Amorphous— Silicon Memory St 
ructures" , Physical Review Letters , |f§ 6 
6^ |14f, 1991^4^80, pp. 1918-2 l*&M<0^k 0 £ 

-S 
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'<frXKM\*XttMtiblK& (10-1 0 0ns) (OT^P^-r^^^^id^ 

Rose hlkU 

Ha j i: o t>C0MSM|Hte^^f ^^f^^^^^lHB^^f-CD^;^^]^^ y^l/lf^t 

m»as6t, "Hj»*«i" rawer*) wt^<gsi^rtp^uy^ 

t?#*v\ £h*tt*HH«ji^ *»w^iE»*^tt*ou^i?oMoffittii[icR 

Ro s eWHa j t o <b<DMS MlB«^-f V ^ t *»W^««WIE«*^ 
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-T6fcfeT*fc6o r.co^Pir^(c*5V^-C, (R o s e fe©HX©BBl 

/ >4<it)15) 3 0 0^/#, 5-15#^FO^^yf 

TOftsfcfcJBv^fciftS. Ro s e fctt*©J:5fc:3fi^TV^ : . . ^<nmW<D 

fc N Rose fete, flJfflprtBJtefiJfttt^PragttH (dynamic range) ^*0±SfP« 

Ro s e feASafi^SJlSI^ *©«r±*£WMB=i V* * HC«#U ^ojggp 
<£)&JRSH (metallisation) kt&B&KteWRVlbV * i"*t>%., J&gtflSffiicM 

^^r4*cftv\ Ha j t o e>onfcxsr#Haor. wb^^^ira 

LT, ^WwEttBfftt, ©^*^=¥-, T^n^, ItSLL»£\ IBS 

RosebMHa j t o b<&lt(r*<0#W3&»fc* l^fclSUfe£r«> C hltit t L 

flEwaEtLSrWUprs Otcffl v^ fens ^ £ « 4: A, *f H C*»T«Sl*<0«H«:#3 



(13) #3t¥l 1-510317 

WteZbte, Rose^t/Haj t o fo £ o TUtt b<D&Wft'flr<0'*M£fc 

Sfi iff wtcflqti- 6 *^±^r <om<o = ^ tr * - * istt^e^ ^"ffi ft fctt** 



(14) 1-510317 
amic range) &t^S8fctf 5/ (multibit storage capabi 1 ity) 

sy^v^src&So rnn, e e p r om^^sst-*^ ^§ 

(large scale archival storage) fcfl=|l> 6)tb5*fr^*^KR"C*>So rcoaiaS 

K K7^ E E P R OM 'V^KK7>f^' -C<0g£&;t<0£ 

^«ot^^EEPROM^)^^ y^V'^tJM'*— RsftflS 

flW*ia»SHli S ^5EEPROMfj:fi^ *&mk1r 
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So 

7 ■■?*>*«, EEPROMm ^t<t)t— ^>r^^Eftasit^»^tiRifii 
^ ^^7>r^ws»#^ffl^^^-i3v^rfi^^J^fe•ro cits 

ffltSw i:Sreati-a-t»*)6 5o EEPROM^ny^a- # (D^&m^f&xte 

*^lB«HlS«^ft#«Ji: tt, DRAM, SRAMXteVRAMGOft 

* t <^ -e;b s o £Ru«^tB«se« n = > t° » - * t mm^wz iz^/tw* 

fc> 9 KJB^ fcfr* E E P R OMJ^ifc«ttft}H(50»#5&^./?H*^>f ^/^7>T 7^5 
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o 

fc e «ftti©«=!x ^ E E PROM^Mll*;^ W KE«WH-<0]f«fRRtf 

IwlCli, ;*-Y ^/^^^®^^^f"t~^^^(switching current requirement) 

^^—t/pfafg^^ (single cell memory elements) 3&*M^ Six 5 o £;h/&£>fE 
9 i&rffrjilV N (orders of magnitude higher)-*- 
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ftJDK-^ local atomic) Xtf/Xtt*?- (electronic)^ (order) <D* &fe-?M\Z 

(local order) ©JDK^RO^ 
e w n fcBB^SftSEttfcimc J;o-CRrtHcftofc^>r yfy^X^^ y 

^^^^^/U'^' — [£:fc^£Sffi<7)t&ii(orders of magnitude of improvement) f± 

mzm* ufc t < , tp u^tt* ptiib-c*) « t #* fettrv^ s t> <t> ft jbM 

■JVSWJHIffl-C, fcTa^a— /K^^^/U^r— OA^ftJB^TSJ^Jft*.* £ t ^ 
IB-C**, £©^©E«*mtt, W^JHMt-Cfcti, JWJH»*y7Uyi/a 

a*) ds-cts. no±H©E«*mw:, ff»±»#-t-5r.t^Rrffi-e*t), ( 

j^S<*)E«*^«^ 
*»Bo-iifi, flt»±»#RriB*, K 

•fe^E««^-Sr*flli-StOT*5 0 r^Ettam*. tr^Ett^ft 
3fe«i-*#«W**^El««»«r*tfo £<0E«*m«:, (1) JS^PTXttBtO 

(2) BEJ» — fc/^fcMRbr* h«#IB^S:fl|*r!i»i-Sfc»© 

, ^$nfc«^*«*fcH?4ffbTtt^r«*5H (dynamic range) ft CD«|fcCD}g 

ft«oH©lo^$^«B*c, (3) K«-»(D«fflr©fia:<|[{cBBfcb'f 

, »*l*.h//£:«:«ft^i: t), 4>fc< £ t> 10(^)7>f7^ 95 (filamentary p 
ortion)SrKBTXJfiH (dynamic range)rt©V^ftSS6tfl[JC tRJfi"*"*IB*4: ft 
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h/p&jwrrsp m^ft^*^ Mi©#*«:* «naia««-»^»j»uxi« 

8lS*fc»iMi«rJMI'r*o -©|»»*fltjlco^ft< tfc lo»i, Ti, V, c 

r, Zr N Nb, Mo, Hf, Ta, W&rWlfeoa-Mfcfc U< Wt*A*»fett 
7t*^ B, C, N, O, Al, Si, P, S&Mtlb©S^» 1 bL<H:^ 
^(titanium carbonitride) yJti&tfC*T 4 V(titanium siliconitride) £r 

7n*Sr^Tf*« D jf*U<W:, SP1«MS^#^^, TiMW^T'45 
if© J; 5 IcKNK-r*©^*:*-*-. 
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IB**' h y y * * * tbT v * 5 A *R W i" a *5SH "C * * . 

|g| 5 14, *^^CDsall*^SJiS$tlSGe :Sb: T e ^*WH5c4*H8ia 

HI 014, 4Si(^I^^^II^tt6i^f^^W^^^5ffi 
ft V > b 2 % ffico «>f ^ ? a« t *ft if i: * lc*tf t> © , ^ 

j; 5 ft 7 v wu&u* y =■ * a -ejgjsa * ft 3 *«w *> si *."5rteft*^=»y^ 
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^tttv^ 0 r (7) j; 5 T e 81 G 

eis S 2 As2X«Te 8 i G e 15 S 2 Sb2-C&£ 0 T e f4-tOtt**tlBtCd3V^W 

■?«11J&>6>IS*ttT e 7 ^ ^ hJRttO*fUV^8P»^tt*Lfe (locally con 
centrated)JBK^E«-^T eJBK^^SWI (migration) SriWi IrJ«JC % # 

>- h \-$tm Lfc t e y * 7 * is v (omnmcmM Lfc»n*» & 

r^-COifcom afcXHSEIlW:, #^^*fr^*3V>T, *©»»fc-HM£ 

K¥*ffW»{cS-5<, asfcftlcRftsa! 

*«t5o * (Dittos -^sa^^m^n^^o#^^^s$^m^«BE« 

#IIcoftJII0#o|glfcx— *f±£©tt*«K11t«1K«r lty^^V^l^^p^ 
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9fcV^L4 8, 5 7 XT* 7 2fcV^8 0OS*mnS e i»ff*U<Wt, IB 
ItW^^f^fr^^Sfll^JK^TC*^, Te, Se, G e> Sb, Bi, P 

WXHSe^M^/^\ Te :Ge : S b ^O^TJsJTfcRWS 

EttKB^aeft^MV^&jx^JM^KftH^flB^Nt. "Bttfi«^»(lone pair 
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CSiMMSfcSo ffi#Jc3£-<3^ m3t«^*Hi. ftfflttK:tt**fcBBfr&ftl* 

;U^-(OtfI^^^SM^t, ^o^Mt^o Ov s h i n s k yl^o 
XMcmcmm£tlfz£?\C s miLM+ttte 1 -oRXf 3 o<D^fr^ (center bond 
ing) *Jf£f£^fc 9 , Kastner, Adler RUF rischel: 

J;oT^^5 ct 5 Uirfrb^teJE^M^Mft 3 ^(valence alternation pairs 



'So 
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< , #4 L< te#*J2 0 0 0A*», i 0 ff * U < «:*Sl 5 0 AfcV>L5 0 0A, f 
fcff*L< ti*5l2 0 o A&^UKj4 0 o A<z>:*-^— ^*5fctf>£«tfe*L*o 
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09, — ift^^*t^#»-efcS*5j2, 0 0 0AftV^L5, OOOAffii^: 

*IXfoO*»*^3«»^ftV^ti*©E«fc*UV^Jxfe«) "«r*^ffe (character 
istic dimension)" <D\B3£b Lt^i^H^o 
*»M^*JptC^&-rS TeGeSb#W7^ OKfitt«lliJC*3»t CJHdltt 

*C0Te(D¥*&«Stt7 0%^±#<THI { 9, Affl»lctt*&6 0 %*rT0?) , - 
JK:Wft»IBfc::m^T*<J2 3%ft^L#j5 8%(DTe, *t)ff*L< tt*54 0%ft 
I^L$J5 8%(7)Te i:V^5fiV^HX*)ofc 0 G e £> 5 %«r±|ffl D , — 

J&KlteS 0%»^lDoo, *OW^T*fi-e#5l8%ftV^Uj|e3 0%<D 



ft ff ft «« £^Pf 5 * ft 3 IBttttm £ HB«-f- 5 & <D *M ft Ui»*« 

T e : G e : S b OH5nW18iaSr0 5 T e , G e &t>*S b ftjl 

, TciGe, TeMSb, -Tcft^ftGe T e MS baT eaffiWCSJH© 
^ft5H5uffl T'fe5o ^Tc^^TcffiOTClS^^ffiZlTtiGeTe-S bzTej 
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TeGeSb#©«*3tl&H7C*Sill8 
I ff m G e <D JH ± % S b <D BL ¥ % T e <D M ^ % 



A 4 0 1 0 5 0 

B 2 6 1 8 5 6 

C 1 8 2 6 5 6 

D 1 4 2 9 5 7 

E 8 3 5 5 6 



*T*A/-CV^TtJ;V\ *»£*&*tfE«#»tt, Te-Ge-SbZ^M 

LT\ 3#&JR££*T e-Ge-Sb HjclfUc^-rS £ t <fc D ftiSSfr* 
JBltt, Te, Ge, S b &t/]l» AJR S: (TeaGebSb ioo-(a+b) ) cTM 

Mfl 1 Sit L < tt*ft«±<&»££«"-Cfc 9 , a b fem&T e — G e — S b 

U<-S-f.*t»«o r^»^^Stu6IBtiW»O*ffW*0!l^tt, (TeseGe 
22 S b 22 ) 95 N i 5 , ( T e 56 G e 22 S b 22 ) 90 N i 10 , (T e 56 G e 22 S b 22 
) 95 C rs, (T e 56 G e 22 S b 22 ) 90 C r 10 , (T e 56 G e 22 S b 22 ) 95 F e 5 
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( T e 56 G e 22 S b 22 ) 90 F e 10 , ( T e 56 G e 22 S b 22 ) 90 N i 5 C r 5 > ( 
Te56 Ge22 Sb22) 90 N i 5 F e 5 (Tese Ge22 S b 22 ) 90 C r 5 F e 5 

jB2«\ Te, Ge, Sb, S e 3ltfiW££JR«: (T e a G e b S b 100-MO 
) c TMd S e ioo-(cd) (DSt-V^temfattnVh V > ^rTT^f^ffTH 

(Dm&&mX*h V , a RX* h nm^T e-Ge-Sb =5£3RICoV^T -WORM * 
*l5ai&-e&SK ctt#&8 0fcV^L9 9 %T*&> 9 , ^odliUlO. 5/jtV^LlO 
%-Cfe6 0 roX^JR^tt, Cr, Fe, N i Rt**ft&©^©ttfi*:&S# 

e 22 S b 22 ) 90 N is S es, (T e56 G e22 S b22 ) so N i 10 S e 10 > (T ese 
Ge22 Sb22) 90 C r 5 S e 5 N 

(T e 56 G e 22 S b 22 ) so C r 10 S e 10 , (T e 56 G e 22 S b 22 ) 90 F e 5 S e 5 
* (T e 56 G e 22 S b 22 ) so F e 10 S e 10 , (T e 56 G e 22 S b 22 ) 85 N i 5 C 
r 5 S e 5 ^ (Tese Ge22 Sb 22 ) 80 N isF es S eio ^ (Tes6 Ge22 Sb22 
) BsCrsFesSesW^tftS, 

-frfctt* WTfcRWSftS a »figW3Ei4(compositional modification)" £fl§l^ 

olatile)" R^SJMfc&ST-;^ /^JHMIHtWJc— 

SrSfo aRStb^^-^-e-^^-c "-fix (drift)" 



(27) 



11-510317 



©1Bft*tt**T»ft<5*ifi!lOjBl ©T e -Ge-Sb^bS2^)T e -G e - 
*«>fe*5»ffiS:^5rfc^BniB"e*)So Mill jfifia^iBSrffl t-Mfe»fl!)JKl 

e 22 S b 22 T e 56 

&©JBfi|i3«©*^fc<a^fcoTfc J; < , *>SVMi**S*^"CfcoTfc iv^ 

l«tt, fcu<^i5:v^^^Hl"ce>i^xflq£b■cv^Tfciv^ 0 £fc, **5^^b. 

Mft, G & u S b 29 T e 57 RXfiG e 22 S b 22 T e 56 <D$Zttm<OM&<St£ftj£{£9l 

T&vm&ftmmtob & fc o t *b*r»*<f«oiBi»«-»«r»rtr * r. ^ # 
t?#a e r.^»^^*fflv^«^w*#*ffa©E«»»tt, (i) Gen 



(28) 
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S b 29 T e 57 RXfG e 22 S b 22 T e 56 <D4$g!ML& (graded composition) tM&Mt 
f5Ge 2 2 S b 22 T e 56 <£>WJJf (discrete layer) *^$f¥ffefcfe<nW&$Wk 
, ( 2 ) G e 14 S b 29 T e 57 RXIG e 22 S b 22 T e 56 0)43B9flJER (graded compos 
ition) iflfflBtfr* G e 14 S b 29 T e 57 CO WJJ1 (discrete layer) S:^tf4#Sff8l 

^#^l^tt^ttTV^5o nOiWSWmtt, T i, V, Cr, Z r, Nb, M, 
Hf, Ta. W^bftSKiDlRSnS laWCDTC*. Rt^B, C, N, O, 
AK Si, P, S^feft5#i01RSft5 2a«©7C*it*tHlS^^ 

, r<E>fifl:K*^* ^(titanium carbon itride) It 4 0 A/?^ 

tt±V\ Bijco««K:fc^Tf*, :©BgiIl^>^< H-*liSft^^r* 

^ >- (titanium siliconitride) £r^"t*ft£ 0 £.tf)JB1lttt:*3V v T\ #r£L<te 

, R»Jfl!EI|04>ft< it— *tt, BC^— fe^h-C, »10^V>t6 0%(^f 
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0 0 0 AcDmWzmfMZ&Zo £ L< 0 OAftV^Ll 0 0 0 Acoj? 

r;h,b^SIS«KS^#*f3:> Ti, w&t/Mo ^fe***J: t) co lit U< wt 

^ni?.*£/^T:i£S£^6o mfettff* U< 0 0 A&l>L4 0 0 0 

A&m^mmzitZo £v&*\,<n$}2 ooA4v^2 o o oAof^c* 

, Xttfl^SWKiF (CVD) fcJ:D*»**6r4:35S-C#, te^WSMTteRF^ 
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S 2 



R F X /I y ^ U — 9 



n 2 * — ^ 

S BE 

X /1 y # V > # 
j$ X ( A r ) JEE 

jn & ifc 



±1 & Nf W 



m m m tn m m 



8X10 



- 7 



1X10 



- 8 



8 5 U h — )V 



4 0 



6 0 7 v V 



1 3 ~ 1 4 M H z 



0 . 



1 OA/* 

2 5 # 



250~1500A 
B & ^ ~ 3 0 Ot 
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m m at 5 * 



/j ^ * — g 

IK » i& ffi 

i# Ift )H ^ 

it » b# m 



1X10 



- ft 



5X10 



- 8 



h - )V 



450~600t: 



4 A / 1& 



2 ~ 2 0 9t 
250~1 500A 



S fit WL S 



S H & & 



3 0 0 <C 



tiTi^a*, ~<DM<Dm\a* (ni^fco»^E^ov^T|5E^a!ISS^^TV^5iev^itt 

(thermopewer) > i^fr^ tf^-v^^lCoV^taO^S^S fc^^4flffO* 

<om\*. »4L<M:fi2 0 0A^U5, OOOA, «fc 5 L < teft 2 5 0 A 
ftl>L2, 5 0 0 A, L< fc*Sft4 0 0 AftV^Ul, 2 5 0 A<Dj?^T*if 

r^T-JH^kft**^ "*ffl?LM (pore diameter)" ^SJBfiH*, — flkUHl 

> IBffiTO3 6 M6W8 fc ©*t>/hS*»«««©¥*SKfBff 

Sr*5fe1"5o EWt»3 6©*e?Lef4, fl8^BO^»^^:^i*K±^o*lJIR^±&v^^^ 

©ESW: 1 -e-Y * p * < t tm&ZtiX^Z* IfcjJiot 
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3 6 (D»l?Lilt»t L < lift 1 7^ d ^ -^-*1-C* !) , IB«*f 

tcstif-efc-s, »«^*^^-/«*/«ffiS:*/Wt;i-afc«>, 1500A 

C0ffitC7^7^^h»«#S(confining means) 4 8 ^V^^W^E**^ 
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7^VhW (f i lamentary portion) "C^ «fc 5 iCSfrfr. ^L<D7 4 =7 * ^ h 21$ 
w«^|Sfit^^om^6tl^^(electrical formation)^ 7 ^ ^ ^ ^ 

mis = ^ * * h o-^ & #^a^Miai5i«W5|sf * © w{cia« * nit 1 

<te, IS : rV<?" fe^h-C, *SJ3 0~4 0%<Z>4r>r*, 4 0-5 0 Xt/ 

3 0%^-C(OtK*^ (h) -efcSo 

r^7.f7^yf»i¥^l "m^^^P^^ (electrical 

formation process)" tC :^T^c^#j£;^fc-r o r(Dl^M7 P Pt^|j:, 

fcBM^ "^(virgin)" »ttlt^bJ:5<Sv^fitt«fc«5#b5*^ffl*i-sr. 

fc36»6>4'5o t>fcfct^r.*L*SfeC6t. -tiOlBft^tt (formed) w 

ZL<Dm%7vtxns 7 y^b*t«#a (confining means) &fcfr<< 

(breaks down)" 
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3 4&tM 6 fcftmWW**** ffi^S 4 6 ^xyfy^UfllLMt^o 
^^14 8, 3 6, 3 8&tJ^4 OSrJtaS*, S 3 2 , 34, 36, 46, 4 

£i±£ 0 <Wb«afctr«5 tons isN4^J:5ft3i9Jft*tJh«-XWt 
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*o k ?o if ««y£as nrtg-e & 5 o 

atwttaa^ Lfca*o-c\ ##7cffittr w*itt«:, /^-M8t, »sx 
sfeftsfltaatnftwwt^ieHWffs, 159, 6 6 i#ic»**fc*5, mit 

£ D UA*U*3ft«fe, ill ff«atSrMv^r^^Sii:*[Rl^- 
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toyji-s 5/^ • risyj* • r^-tr* • ^y (dram) i£:^Tii/£prfigft 
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^x^mxm^m^m^mmm-r^^ bftz>m&*tK^x\^ 0 
fetus 3.^. hmx<Dffl&\z.mx.x, m^ftK\,^zmmzmw£thxv — b^ # 

m^*, ;R^^B8^7^-^^Sfe^*/WtsStt, «ifc:J; 9tt«^iCX)fe 

tbtt^J|cv^yu=i^>r Kit (i-fcfr-fe, U4000A) fitS^RSWEK 

o r*Lfc»LT, JtK»3»V^^=i^>f K* (i"*t>t>, ^J2 5 0A) tefc^ 
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1, ooot;f>m s^L<W5ooty&*It'fe5o 

WMSM (a-S i) E««"fi--e«:^FBHB-C&So ro*llflffiffilt«:^a!»te 



(39) 
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"C4*i^BB^*>*'&AttG e 2 2 S b 2 2 Tese T*fe «9 , wtlteGezS b 2 T e 5 t> 

e 26 S b is T e 56 ) (G e is S b 26 T e 56 ) 

29Te 5 7 (G e S b 2 T e 4 L< 111 - 2 ~ 4 £ fcPftfjftS) T*fe 9 , rftteG 
e T e - S b 2 T e 3 Mr7ci±OMD-Cfc^ 0 £ <D 2 - 2 - 5 RXfi 1 - 2 - 

o 

06iiGe»Sb-Te^3 SS^H^&OJK^Wigfcr^&G e - T 
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e (D^mm tmcfjk-to cm e> <r> 3 a^^Hjn^o 5^2 mre 1 - 2 - 

4 (H5^ = 7cJRttia±^«^D) Xt^±3*02-2-5*adct**>S 0 » 3 <£>H 
TC^MGeaSbaa Tesg-C&tK IftllG e S b<Te?t L< HI -4-7 

I3 6ic^^^5 1-4-7, l-2-4XT/2-2-5^W:|a«*fW^- 

5 1 <£» <om&&m a* # =i V ^5c* £ *S^-f 5 £ 5 I - JB frft 3 r £ a* «8MWf 
£fc, ±3fc©£5^ G e - S b - T e^m^l^^TMlSil- 

B7fi, ^(titanium carbonitride) Sr*^ftSMSBB*=" ^ 

a^rasst (asttw ©iotait5©ic, «£^2 
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B8W:, ftfttfr-r*^*^ (titanium slliconitride) *r^-C*SH«fP»»=i 

<ssst^«* (rj&rao frtbmt&m ©ioij:ai»-rs^{c, ass 

fi2mA, fljft 4 0ns CD^^A-;* 
0ns CD/VU^r cO^StCR7^p$^S 0 

*«it*^« J; 5(^D^7Af6r ^icj: 9ffrS$jh,a 0 mil, if^-r^^n 
^7 S >-^®»co4 0 n s ©«*^u^SrRPJn-t-^r ifci *)ftt>tlZ> 0 
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M (memory equilibration time)" OMtCSttfc*aE/^^— 
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